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Abstract — This paper aims at describing a small scale 
prototype of a complete wave energy converter system for 
hydrogen production promoting the opportunity of installation in 
Sicily, in the Mediterranean Sea. The opportunity to produce 
hydrogen from sea-water identifies ocean wave energy as the 
most promising solution for electricity generation including 
hydrogen production and storage. Even if hydrogen is considered 
one of the most promising secondary sources, criticism arises 
from both the academic and the industrial world mainly because 
hydrogen production requires electricity consumption. 
Furthermore, safety problems concerning hydrogen storage and 
transport are actually the main hindrance to full 
commercialization. In order to overcome production issues, 
hydrogen production and storage plants which are fully powered 
by renewable sources are continuously investigated. Advantages 
of the proposed system mainly rely on producing hydrogen by 
wave energy providing for on-board storage thus avoiding 
transport-related issues. 

Keywords — wave energy; inertial system; hydrogen  

I. INTRODUCTION 
Renewable sources are continuously promoted to reduce 

pollutant emissions [1]. Solar, wind and sea wave energy 
conversion are just a few examples. Hydrogen is actually 
considered one of the most promising secondary sources for a 
wide variety of applications ranging from automotive to 
household appliances. Criticism of hydrogen as a promising 
energy vector arises from both the academic and the industrial 
world mainly because hydrogen production requires electricity 
consumption. Furthermore, safety problems concerning 
hydrogen storage and transport are actually the main hindrance 
to full commercialization. In order to overcome production 
issues, hydrogen production and storage plants which are fully 
powered by renewable sources are continuously investigated. 
The chance of producing hydrogen from salt-water appoints 
ocean wave energy as the most promising solution for 
electricity generation including hydrogen production and 
storage. Wave energy devices need large investments of money 
throughout the device production phases. The current scenario 
with many concepts being patented in every country can be 
confusing; some technologies have the potential of being 
successful, whereas many others will not pass the concept level 
[2]. Assessing the effective degree of technological 
advancement of proposed solutions is fundamental to calibrate 
the state of art [3]. Although the sea can be considered an 
“infinite” resource of energy, the high cost of the design and 

realization of device is the main limit to the development of 
this new technology. This paper aims at describing a small 
scale prototype of a complete wave energy converter system 
for hydrogen production promoting the opportunity of 
installation in Sicily, in the Mediterranean Sea. 

In the literature, wave energy converter devices are 
conventionally classified based on position, principle, size and 
orientation [3]–[6]. This first sorting is based on the position of 
devices in relation to the coastline. The first criterion is the 
distance of the wave energy converter to the shore resulting in 
onshore, near-shore and offshore devices. Following the 
working principle criteria, three main classes are distinguished: 
Overtopping Device, Oscillating Water Column, Wave 
Activated Bodies and Buoyant. The third type of classification 
is based on the capacity of devices to exploit wave energy in 
function of the ability to intercept the wave. Main requirements 
of wave energy converters (WECs) can be summed up: the 
WEC must be “storm proof” resisting to harsh weather 
conditions; extremely low environmental impact to 
surrounding ecosystem of the WEC; low-weight and low 
maintenance.  

In the literature, the design of an efficient power equipment 
for wave energy systems is widely investigated. The main issue 
concerning the power electronics system relies in a finite 
length amplitude modulated characteristics of a sea wave burst 
clashing with a continuous supply requirement of the load 
equipment. In the literature, several solutions have been 
presented. A comprehensive review of wave energy converters 
and power electronics solutions is reported in [6], [7]. 
Sometimes, predictive sea wave models are seldom 
implemented thus increasing the complexity of the control 
system not achieving satisfactory results. Frequently, a AC-DC 
and a DC-AC converter are efficiently designed, including a 
DC link control [8]. In the last few years, resonant rectifiers 
have been proposed to achieve a continuous supply [9]. 

In this paper, a small scale prototype of a wave energy 
converter including the buoyant electrical generator, the power 
electronics equipment and a sea water electrolyzer is proposed. 
The design criteria of each device are discussed. Experimental 
results on the laboratory prototypes of the linear generator and 
the salt water electrolyzer are presented. A cost-effective and 
efficient power electronics equipment is designed based on a 
passive rectifier and a voltage controlled DC-DC converter. An 
energy storage is connected to the intermediate DC bus and 
properly designed to accommodate for a continuous supply 
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Sites 
ࢃሾ࢑ ࢔ࢇࢋ࢓ࡼ ሿ࢓ሾ ࢞ࢇ࢓,࢙ࡴ ሿ࢓ሾ ࢊ࢚࢙,࢙ࡴ ሿ࢓ሾ ࢔ࢇࢋ࢓,࢙ࡴ ࢃሾ࢑ ࢞ࢇ࢓ࡼ ૚ሿି࢓  ૚ሿି࢓ ࢎࢃࡹሾ ࢒ࢇ࢛࢔࢔ࢇࡱ ૚ሿି࢓

Capo Gallo 0.81 0.70 9.91 3.75 1240 21.20 

Catania 0.63 0.55 6.20 1.76 188 13.34 

Mazzara1 1.02 0.75 7.01 4.44 621 31.50 

Mazzara2 1.02 0.77 6.67 4.86 200 41.97 

Table 1 – Sea wave characterization of Hot Spot 

III. MATHEMATICAL MODEL 
This inertial system is made by an ellipsoidal floating buoy. 

It needs a mooring to keep its position on the sea surface. In 
this way all moving parts are carried in an hermetic vessel and 
the power generator is very reliable. 

The inertial system needs several complex equations to 
describe its particular motion. 

When a sea wave arrives, the buoy describes an angular 
oscillation around its center of gravity. The following equation 
describes the time trend of the angular oscillation (1): 

ሻݐሺܫ ߲ଶݐ߲ߴଶ ൌ ሻݐ௦௘௔ሺܯ െ ݉௥݈݃ sin ߴ ሺݐሻ (1) 

In law (1) ܫሺݐሻ is the rotational inertia of the buoy. This 
physical dimension changes in the time, due to the movement 
of the electric generator inside the buoy. ߴሺݐሻ  is the instant 
angular rotation measured from the gravity vector ݃. The 
physical dimension ܯ௦௘௔ሺݐሻ is the moment (torque) produced 
by the interaction between the sea wave and the buoy. ݉௥ 
represents the apparent mass of the ballast, installed at the 
distance ݈ from the gravity center of the system.  

The apparent mass of ballast is given by law (2): 

݉௥ ൌ ݉ ௕௔௟௟௔௦௧ߩ െ ௕௔௟௟௔௦௧ߩ௪௔௧௘௥ߩ  (2) 

The equation (1) is a differential second order nonlinear 
equation with variable coefficients (see the ܫሺݐሻ  term). This 
equation is very complex to solve. As our goal is studying the 
electric generator, we will assume that the angular rotation 
follows the law (3): ߴሺݐሻ ൌ ௠௔௫ߴ sinሺ߱ݐሻ (3) ߴ௠௔௫ represents the maximal value of the angular 
rotation from the balance position; ߱ ൌ ݂ߨ2  is the angular 
frequency of sea wave. 

The ߴ௠௔௫  parameter can be measured during a fluid 
dynamics experiment in laboratory, using a test buoy. 

If at the time ݐ the angular position of the buoy is ߴ, the 
translator of the generator undergoes these following forces: 

௚ణܨ •  is the component of the weight force on the 
inclined plane; 

 ௙௥௜௖ is the friction force, always directed in oppositionܨ •
to the motion of the translator; 

௖௢௚ܨ •  is the cogging force, created by the magnetic 
interaction between the magnets, installed on the 
translator, and the iron of the stator; 

௘௟௘ܨ •  is the electric braking force, created by generation 
of electric power; 

 .௦௣௥௜௡௚ is the spring forceܨ •

If ݎሺݐሻ is the the position of the translator barycenter at the 
time ݐ , the movement of the translator is governed by the 
differential law (4): 

௚ణܨ െ ௙௥௜௖ܨ ൅ ௖௢௚ܨ െ ௘௟௘ܨ െ ௦௣௥௜௡௚ܨ ൌ ்ܯ ݀ଶݐ݀ݎଶ (4) 

Each term of the law (4) can be estimated with a particular 
equation. The ܨ௚ణ force is given by the following law (5): ܨ௚ణ ൌ െ்݃ܯ sinሾߴሺݐሻሿ (5) 

The constant ்ܯ  is the total mass of the translator, 
including magnets and weights. sinሾߴሺݐሻሿ is the sine function 
of the tilt angle, function of the time. 

The friction force is given by law (6): ܨ௙௥௜௖ ൌ signሾݒሺݐሻሿ ்݃ܯߤ cosሾߴሺݐሻሿ (6) signሾvሺtሻሿ is the sign function, applied to the speed of the 
translator; ߤ  is the coefficient of friction; cosሾߴሺݐሻሿ  is the 
cosine function of the tilt angle, function of the time. The 
constant  ߤ can be measured in an experimental test. 

The cogging force assumes averagely a null value. The real 
trend of this force can be estimated with a numerical finite 
element simulation. Usually this function can be approximated 
with a Fourier series, stopped at first harmonica: ܨ௖௢௚௚ ൌ ܥ sinሾ߰ݎሺݐሻ ൅ ߮ሿ (7) 

The constant ߰ is given by relation ߰ ൌ  is ߣ where ,ߣ/ߨ2
the geometrical step, characterizing the magnetic phenomenon.  

If the electric linear generator has a translator shorter than 
stator, the magnets will move only in the region of the stator. In 
this way cogging force assumes small value and has a 



geometrical step equal to range between two consecutive teeth 
of stator. 

If instead the electric generator has a translator longer than 
stator, the magnets come in and out from the stator region. In 
this way cogging force is mainly generated by the end effect, id 
est the magnetic interaction between the first or the last tooth 
of stator and the magnet that enters or leaves the stator region. 
In this situation the ߣ dimension is equal to the range between 
two consecutive magnets. 

The electrical braking force is caused by mechanical energy 
conversion into electrical This force is given by law (8): 

௘௟௘ܨ ൌ ሻݐሺݒ1 ෍ ݅௄ሺݐሻ ଴ܸ௄ሺݐሻଷ
௄ୀଵ  (8) 

In (8) ݒሺݐሻ  is the speed of the translator; ݅௄ሺݐሻ  is the 
electrical current that flows in the ܭ-th winding; ଴ܸ௄ሺݐሻ is the 
induced voltage generated inside the machine. This voltage is 
equal to the terminal voltage only in a test without electrical 
load. 

The spring force is valuable with Hooke’s law (9): ܨ௘௟௘ ൌ െܭ௦௣௥௜௡௚ൣݎሺݐሻ െ ௦௣௥௜௡௚ܭ ௥௜௙൧ (9)ݎ  is the stiffness of the spring; ݎሺݐሻ  is the linear 
position of the barycenter of the translator; ݎ௥௜௙  is the linear 
position where the system is in the balance condition. 

In the equation (8) was introduced the induced voltage. 
According to the linearity of derivative operation the Lentz law 
(10) can be written in a different form: 

݁ሺݐሻ ൌ െ ݀Φ஻݀ݐ ൌ െ ݀Φ஻݀ݔ ݐ݀ݔ݀ ൌ െݒሺݐሻ ݀Φ஻݀ݔ ൌ െݒሺݐሻܨሺݔሻ (10) ܨሺݔሻ  is function only of the translator position. This 
function can be defined, through numerical simulation or 
experimental test, performed under a uniform motion. 

Using law (10), it is very simple calculate the induced 
voltage, because enough knowing only position ݎሺݐሻ  of the 
translator and its speed ݒሺݐሻ. Expressing ܨሺݔሻ with a Fourier’s 
series, stopped at third harmonic, and been the generator a 
three-phase machine, it is obtained law (11):  

଴ܸ௄ሺݐሻ ൌ ሻݐሺݒ ൜ܣଵ sin ൤߰ݎሺݐሻ ൅ ߮ଵ ൅ ሺ2 െ ሻܭ 23 ൨൅ߨ ଷܣ sinሾ3߰ݎሺݐሻ ൅ ߮ଷሿൠ 
 ଷ are the constants respectively of the first and theܣ ଵ andܣ (11)

third harmonica; ߮ଵ and ߮ଷ are the corresponding phases. 

In the end, the current that flows in ܭ-th phase is given by 
law (12), assuming that the machine has resistive-inductive 
electrical circuit: ݀݅௄݀ݐ ൌ ்ܮ1 ሾ ଴ܸ௄ሺݐሻ െ ݅௄ሺݐሻ்ܴሿ (12) 

The constants ்ܮ  and ்ܴ  are respectively the total 
inductance and resistance of the electrical circuit model. 

IV. THE POWER CONVERSION SYSTEM 
The prototype is designed to produce electric energy and 

hydrogen from sea waves. Fig.2 shows the placement of the 
main components, installed inside the buoy: 

• Electric power generator 

• AC-DC converter 

• Electrolyzer 

• Hydrogen storage 

Fig.3 is the external view of the power conversion system. 

 
Fig.2 – Interval view of the Buoy 

 
Fig.3 – External view of the buoy 

A. Electric power generator 
This electric power generator is a particular machine, 

defined as Permanent Magnet Linear Generator (PMLG). This 
device is available to convert directly the energy from 
oscillation of the buoy into electrical energy. According to 
authors’ investigations, several advantages are brought by the 
installation of permanent magnets in the moving part of the 
machine. In this way, in fact, the magnetic induction field is 
generated without any current. In this solution conductors and 



sliding contacts can be avoided. Finally, Joule losses in the 
inductor are avoided.[17], [18] 

The PMLG is composed by two parts: the stator and the 
translator. The first part is formed by two laminate iron 
blocks, therefore the PMLG is also a bilateral machine. The 
Fig.4 shows the details of the stator. 

In each block of stator there are 126 iron sheets, having a 
thickness of 0.5 mm. The lamination is adopted to minimize 
the eddy currents. The geometric dimensions of each block are 
972×60×65 mm. Each part of stator has 39 slots and 8 holes, 
with a diameter of 10.5 mm. The slots have two different 
widths: the first and last three have a width of 8 mm, while the 
other slots have a width of 12 mm. There are two different 
sizes because the smaller slots must contain only a winding, 
instead the others must contain two windings.  

All the teeth have a width of 13.5 mm, except the first and 
last tooth that measure 7 mm. 

 
Fig.4 – Details of the iron stator 

The machine is assembled using two tables of Bakelite, 
having the sizes 970×160×11 mm. Each table has 32 holes 
with a diameter of 10.5 mm. The holes are distributed in four 
lines. The external lines are required to make together the 
tables and the stator, using 16 threated rods The internal lines 
are required to install the rails of the translator. 

In every block of the stator 36 windings are installed, each 
of which has 375 coils having a rectangular shape with average 
sizes of 85×135 mm. Each winding has a weight of 278 g and 
are realized in enameled copper wire of diameter 0.5 mm.  

The translator is made assembling 40 Neodymium–Iron–
Boron (Nd–Fe–B) permanent magnets on a Bakelite table, 
having sizes 1600×11×206 mm. The magnets have sizes of 
60×30×15 mm, magnetization grade N40, a protective coating 
of Nickel (Ni-Cu-Ni) and a weight of 205.2 g. The magnetic 
pole is located in the larger surface. The magnets are installed 
in pairs along the translator, alternating the poles with a 
magnetic step of 76.2 mm, Fig.5a. The magnets are installed 
with a rotation angle of 17°, measured from the vertical 
direction, Fig.5b. This rotation is adopted to minimize the 
cogging force. 

 
Fig.5 – Details of the Translator 

a) Top view – b) Front view  

Fig.6 shows the prototype of the permanent magnet 
generator after the assembling. 

 
Fig.6 – The laboratory prototype of the Electric Generator 

After several finite element simulations, the correct electric 
wiring is identified. The machine has six electrical phases  that 
can be group in only three. In the first experimental test the six 
open circuit voltages are measured. The machine is tested 
using a constant force to move the translator. Being without 
any electrical load and ignoring the negligible cogging force, 
the translator moves uniformly accelerated linear motion. In 
the experimental test is measured an acceleration of 1.2 m/sଶ. 

According to the Eq. (10) the six vacuum voltage can be 
evaluated with these following laws (13): 

ଶܸሺݐሻ ൌ ଴ݒݐܽ ቈܣଵ sin ቆ߱଴ܽݐଶ2ݒ଴ ൅ ߮ଵቇ ൅ ଷܣ sin ቈ3 ߱଴ܽݐଶ2ݒ଴ ൅ ߮ଷ቉቉ 

ସܸሺݐሻ ൌ ଴ݒݐܽ ቈܣଵ sin ቆ߱଴ܽݐଶ2ݒ଴ ൅ ߮ଵ െ 23 ቇߨ ൅ ଷܣ sin ቈ3 ߱଴ܽݐଶ2ݒ଴ ൅ ߮ଷ቉቉ 

଺ܸሺݐሻ ൌ ଴ݒݐܽ ቈܣଵ sin ቆ߱଴ܽݐଶ2ݒ଴ ൅ ߮ଵ െ 43 ቇߨ ൅ ଷܣ sin ቈ3 ߱଴ܽݐଶ2ݒ଴ ൅ ߮ଷ቉቉ 

ଵܸሺݐሻ ൌ െ ସܸሺݐሻ ଷܸሺݐሻ ൌ െ ଺ܸሺݐሻ   ହܸሺݐሻ ൌ െ ଶܸሺݐሻ (13) 

where the parameters have the values  in Table 2. 

The experimental voltages are plotted in Fig.7. The 
theoretical voltages, according to laws (13), are plotted in 
Fig.8. By law (10) and laws (13), the voltages produced by 
generator are directly proportional to the speed of the 
translator. Since in a uniformly accelerated motion the speed 



increases linearly, likewise in the plots of vacuum voltages the 
maxima and the minima are located according to linear laws. 

 

Quantity Value Quantity Value ࡭૚ 85.42 ሾܸሿ ܣଷ 28.81 ሾܸሿ ࣐૚ െ0.8979 ሾ݀ܽݎሿ ߮ଷ 0.4508 ሾ݀ܽݎሿ 
࢜૙ 1 ቂ ݏ݉ ቃ ߱଴ 41.233 ൤ݏ݀ܽݎ ൨ 

Table 2 – Values of the parameters 

 
Fig.7 – Experimental open circuit voltages 

 
Fig.8 – Theoretical open circuit voltages 

B. Electrolytic Stack 

As shown in Fig.9, a laboratory prototype for sea-water 
electrolysis has been realized and tested. In this section, 
experimental results on the electrolyzer system are reported. 
Salt water has been used for experiments and hydrogen 
production has been highlighted by a small fuel cell stack 

directly fed from the electrolyzer. In Fig.9 measures on the 
laboratory prototype are reported. 

 
Fig.9 – Experimental results on the electrolyzer 

 
Fig.10 – The laboratory prototype of sea-water Electrolytic 

Stack and Hydrogen Storage 

C. The power conversion system 
In this paper, a low-cost power converter is designed and 

implemented. The converter is interposed between the linear 
generator and the electrolyzer. A small-scale prototype is 
designed and tested by simulation results concerning a single 
phase and a single electrolyzer cell. A modular architecture 
could be easily implemented by including all phases of the 
linear generator. The power conversion stage is designed to 
achieve a proper regulation of the output voltage which is the 
electrolyzer supply voltage. According to the experimental 
results on the sea-water electrolyzer prototype, the nominal 
output voltage is fixed at 20 ܸ and the minimum current is set 
at 0.2 ܣ. According to the experimental results on the linear 
generator prototype, each generator phase supplies a voltage 
burst, as reported in Fig.11. The open circuit peak voltage is 
equal to 130 ܸ and the burst interval is equal to almost 1 ݏ. 
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 The power conversion stage is designed to achieve a 
continuous and regulated power supply to the electrolyzer 
within each wave burst. If the burst ends, the power converter 
will be supplied by a capacitive buffer. The capacitive storage 
element is properly designed to ensure a continuous supply of 
almost 2 s between two consecutive bursts. 

 
Fig.11 – Measured open-circuit voltage waveform 

generated by a single phase of six windings of the PMG 

A diode bridge is designed as the front-end power 
converter. A buck-converter is cascaded to achieve control and 
regulation of the output voltage.  

The supercapacitor is introduced at the output of the diode 
bridge in order to ensure a proper regulation even after the 
voltage burst. The supercapacitor could be placed at the output 
of the buck converter or at the output of the diode bridge. By 
introducing the storage buffer at the output of the diode bridge, 
a longer lasting self-supply is achieved between two 
consecutive bursts, mainly because the higher voltage at the 
common DC link. Because of the inductive behaviour of the 
generator, the supercapacitor value should be accurately 
designed to avoid any instability and oscillation at the 
intermediate DC link. Furthermore, the choice of the specific 
cascaded DC-DC converter is tied to the inductive behavior of 
the generator. Theoretically, a buck-boost topology should be 
designed to ensure a proper regulation over the whole burst 
interval. In fact, the burst voltage starts and ends at zero value. 
Yet, all input inductive DC-DC configurations must be 
discarded to avoid instabilities. A buck converter is selected. 
The supercapacitor could be designed to holds the DC voltage 
between each burst at an higher level than the output voltage. 
During the first burst, as it will be shown by simulation results, 
transients on the output voltage are highlighted due to the 
rising input voltage. As it will be shown by simulation results, 
a proper operation of the buck converter is ensured by slow 
time constants involved and by an accurate design of the 
control subsystem.  

With regards to the storage element at the output of the 
diode bridge, the capacitor theoretically charges up to the burst 
peak of 130 ܸ. Then, the storage element should supply the 
nominal power of 4 ܹ to the electrolyzer discharging towards 
the nominal voltage of 20 ܸ. If the input voltage of the buck-

converter drops below 20 ܸ the converter is disabled and the 
output storage element supplies the electrolyzer discharging 
toward zero value. 

In order to design the ܥ௥௘௖௧  capacitor, the following design 
relationship is considered: 

௢ܲ௨௧ ௢ܶ௨௧ ൌ ௖ܧ∆ ൌ ௥௘௖௧2ܥ ሾܸଶሿଶ଴ଷ଴ (14) 

From the (14), the capacitor value is fixed at 3.3 mF to 
achieve a 2.3 s self-supply interval. After 2.3 s, the buck 
converter will be disconnected. The output capacitor ܥ௢௨௧ will 
discharge at a constant current rate which is the electrolyzer 
current. 

The buck converter is designed for a proper operation under 
the continuous conduction mode of operation to avoid the 
overload of the ܥ௥௘௖௧  capacitor. The switching frequency is 
fixed at 100 ݇ݖܪ. 

Continuous conduction mode condition is given by: 

ܮ ൐ ௢ܸ௨௧ሺ1 െ ሻ2ܦ ௦݂௪ܫ଴  (15) 

If ܦ ൌ ௠௜௡ܦ  in (15), the worst-case condition will be 
accounted for. Over the whole operating range, the minimum 
duty-cycle value, corresponding to the maximum input voltage 
is equal to 15 %. By limiting the inductor current ripple, the 
critical inductance value of 0.42 ݉ܪ is obtained and a 1mH 
inductance value is selected to achieve a maximum current 
ripple of 0.2 ܣ.  

The output capacitor is designed to solve the trade-off 
between the damping factor and the resonant frequency of the 
output filter. In order to limit over- and under-shoots of the 
output voltage under input transients, the optimal damping 
factor should be selected to overcome the 0.707 limit. A trade-
off arises between the damping factor and the resonant 
frequency. Around the resonant frequency the maximum sharp 
phase roll-off occurs. Consequently, compensation issues arise 
from an extremely low resonant frequency. The damping factor 
is given by: 

ߦ ൌ ܴ௧௢௧2 ඨܥ௢௨௧ܮ  (16) 

In order to avoid stability and compensation issues deriving 
from an extremely low resonant frequency, the ܥ௢௨௧ is fixed at 
1 mF thus achieving a 0.4  open-loop damping factor. The 
simulation model of the power electronics equipment housed in 
a single module is shown in Fig.12. 

 The generator phase is modelled by a series connection of 
an inductance LMT and a resistor RMT. According to 
experimental results ܶܯܮ ൌ ܪ݉ 308 ܶܯܴ , ൌ ߗ 37 . The 
measured open circuit voltage waveform is forced as the input 
voltage of the power converter stage by means of Look-up 
Table (LUT) block which is available in PSIM libraries. 
Commercial components are modelled for inductors and 
capacitors including parasitic elements.  
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Fig.12 - Simulation model of the power
equipment. 
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system start-up condition is emulated and simulated. At the 
beginning of the voltage burst, the input rectifier voltage falls 
below the nominal supply voltage value of 20 V and therefore 
a transient on the output voltage occurs. Yet, thanks to a proper 
and accurate design of the buck converter stage, the maximum 
voltage change under this extreme input transient is equal to 3 
V. After the voltage burst peak, the rectifier output voltage 
follows a slow discharge of the capacitive buffer and the buck 
converter is supplied by the storage element. The system is 
simulated as closely as possible to its effective behaviour, 
including measured voltage waveforms and parasitic elements 
of commercial components. As shown by simulation results, 
under the whole voltage burst a proper regulation of the 
electrolyzer supply is achieved. 

In Fig.17, a detail of the voltage waveforms of Fig.16 is 
shown. Notwithstanding voltage transients at the input of the 
buck converter, the maximum voltage change at the 
electrolyzer section is limited to 0.2 V corresponding to the 1% 
of the nominal voltage value.  

 

 
Fig.16 – Simulation results under an emulated sea-wave 

burst. 

 
Fig.17 – A detail of simulation results under an emulated 

sea-wave burst 

VI. CONCLUSION 
In this paper, a small-scale prototype of a sea wave 

generator has been presented. This machine can produce 
electric energy and also hydrogen, from the renewable energy 
of the sea waves. The hydrogen production can be an important 
way to reduce the problem of pollution, produced by road 
transport. 

The energy potential of sea waves is enormous, so the 
development of this technology is very important for the 
future. 

The inertial prototype, analyzed in this paper, has the 
benefit of a simple structure, without any moving part exposed 
to the sea. This configuration ensures a greater reliability than 
other systems, with motive parts  exposed to sea. 

The electric power generator converts directly the wave 
energy into electrical. In this way the prototype has high 
electrical conversion efficiency. It is easy changing the scale of 
the system. It is also possible to produce a bigger buoy in 
which can be installed more than one electric power generator. 
In this way the project and building costs are minimized. 

This system, through the use of Neodymium permanent 
magnets, is more compact than other similar technologies. 
According to our experimental tests, the prototype analyzed 
can produce 1 kW of electrical power, working at full load. 
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